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Sft a sputtering target assembly comprising a sputtering targot and a backing pteta characterized In that 
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firgat batoro it n dffiuaton-boridod to said backing pt»- The aolld-dtffufilon bonding of tho target and 
backing plats, with or without ona or mora inaort interpoaod therebetween at a low tompomhJt* and - 
praaaura. cauiro irytorrfffuakin of thalr conatftuont atoms to analn high adhaojon and I bond afcmngth i = 
wfthoct attendant datenoraiion or large defbmwtlon Of tho target malarial* white tahiMng jho oyatai 
growth in tho target rnmartai. Tha bond thua obtained p*ov«s highly reJIsbla bacauao A undergo** no 
abrupt decrease in bond strength icon aievatton of tfialr aarvica tempsratura and owing to tha aoira 
■ phaaa bonding, 100% bonding la achieved with noun-bonded porfona auch as pores loll along the 
irrtorfaoea. 
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[Fl«14 of the invention] 

This invention relates to a sputtering fttflet as- 
sembly composed of a sputtering target and a backing 
plato, end more specifically to a sputtsring target as- 
tombly and a method of manufacturing the same fea- 
turing by bonding a * puttering target and a backing 
plate by solid-phase dtffuslon bonding, with or with- 
out an insert or Inserts placed thoreootween. 

By solid-phase diffusion bonding, a sputtering 
target exhibits excellent adhesion and bond strength 
to b backing plate while maintaining I* structure and 
crystal characteristics Including crystal gain afce. 
crystal orientation etc. which It had before the dilu- 
tion bonding with no contamination possibly caused 
by the bonding process. 

[Background of the Invention] 

Sputtering targets serve as sputtering sources to 
form electrodes, gat^i wirings, element*, protective 
film* and the like of various semiconductor devices 
an substrates by spurring operation. They usually 
take the form of diak-ehaped plates. as accelerated 
os/tides Impinge against « target eurtaca. pert of the 
atoms constituting the target la sputtered tothe space 
by momentum exchange to deposit oft en oppositely 
located eubstttte. Typical sputtering targets In us* In- 
clude AJ and Ai alloy targebs,a refractory metal and Its 
alloy (W, Mo, "ft Tb. Zf, ^ Bto - flnd ttwlf ,uch 
as W-Tl) targets, and hlgh-meltlng siUdda (MoSl* 
W3I„ etc.) targets. Tho targets are usually weed In The 
form of aeeombly Integral* bonded with a baddng 
material, known as a backing plats, wnich provides 
both support and cooling functions. A sputtering tar- 
get assembly la mounted In s sputtering system, and 
iho rear aide of the backing Plata to cooled to dleat- 
pate the heat that ie generated Ift the target during 
aputtering operate. The becking pletes In use today 
_ — -»Hn .fm^ jtnd alloy* thermal cof>_ 

lucuvmoa, ouch as oxygen-free copper (OFQ, Cu al- 
loys, Al eiioya. stainless steels (SUS). afidTl and Tt al- 
lays* 

Heretofore, for tho bonding of a epuftenng targel 
and e becking plate to constitute a aputtering target 
assembly, brazing method using a tow-melting braz- 
ing material such as tn or Sn alloy has been primarily 
employed. But, the bratlng technique using a low- 
mdtng brtttlng material has the following rfsadvan- 
tagesi 

<1) Ths taw melting point of brewing materials, 15$ 
*C for In or 1 60-300 *C oven for an 8n alloy, caus- 
es a shtfp drop of the bond strength under shear 
as the service temperatures approaches its melt- 
ing point specifically, the bond strength under 
shear at room temperature is leas then 1 leg/mm* 
for In and 2*4 Kgffnm* for even an Sn alloy which 
has relatively high strength. This combines with 



the low malting point of the bratlng material to 
cause a sharp drop of the bond strength under 
shear Upon tompetatura rise. 
(2) With trte brazing technique. 100% bonding 
e with ra un-bonded portions Ea difficult to achieve 
since the contraction Upon sottdifioatJon of the 
brazing material during the bonding process 
(saves oorea (air gaps) behind along the bonded 
Interfaces between the target and backing p>ato. 
to Consequently! the stearic power 10 be provided 
tor sputtering is limited to a low level, Atao. when the 
system Is loaded with greater sputtering power than 
specified or operated under inadequate cooling water 
control, troubles such as the separation of the target 
16 are caused due to a decrease in bond strength upon 
tefnperabjrertseofthetargetormeltlngofthebrazing 

material. 

The employment of a htprwneiflng brazing mate- 
ria) 1* place of the tow-melting one require* a higher 

20 temperature forbwiing, which sometimes affects the 
target quality adversely. 

A recant tendency la toward the use of greater 
olodric power for sputtering to Improve the ihrough- 
putfor f im forming by sputtering. In view Of this, there 

2$ Is strong demand for a target which is capable of 
maintaining the bond strength above a predeter- 
mined level ovon at elevated tempera turos. 

Meanwhile, Japanese Pateni Application Public 
Disdoeura No*. 14326671662 end 143269/1992 dtS- 

«? dosed targets and methods of manufacturing them 
which Involve a process of Integralhr bonding a first 
metal member that serves as a sputtering material to 
a second metal member that serves as a support 
eithaf directly or through the interposition of a spacer 

« having a higher melting point than the first metal 
member, as regards the method of Integrally bonding 
them togsthar, explostve wetdhg ia primarily ex- 
plained. Others referred to as employable are hot 
prase* HIP, and hot roll method* Taking the hot prfaas 
40 method for t**™^ * h dflgcribod as comprising the 



staps of working and machining, e.g., an aH%SI al- 
loy as the f^rat metal member (sputtering material] - 
and oxygon-free copper ae the second metal member : 
(support), both to relatively simple shapes, and bond- 
4ff Ing the two members by hot proseta « l 300-500- C 
tor 60 minutes, whereby a diffusion layer-of about 2 
um thickness io said to be formed, and thereafter ma- 
chining the first and second metal members (sputter- 
ing material and support) thus bonded together to 
90 nal configurations. It is also stated to the effect that 
alternatively the first and second metal members hav- 
ing been machined to deaired ihopoe maybe bonded 
by explosive welding. 

6$ problems to be solved] 

The methods described above Involve high presr 
sure bonding of the first and second metal members 
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under very great Impact or heavy load iuch as a ex- 
plosive bonding, hot press, HIP, of hot roll technique* 
Thia process causes serious deformation of the first 
metal member to be sputtered (target material), end 
attendant increased Internal strains end tho change s 
of crystal tfrvcture. 

Partfculorjy, the unrformhy « of crystal size and 
crystal orientation of a target li destroyed resulting in 
different crystal grain diameters and crystal orienta- 
tions on various locations of the targeLAs a result, the f o 
quantity of eputterfrom the target bagvis to vary from 
point to point which lea da to variation of deposited film 
thickness and hence deposited film properties. Thk 
problem to recenUy pointed out that tha ie e matter of 
seftoua concern* Furtner, tha contamination of sur- rs 
face layer of the target produced is severe and ao the 
yfeld of target material to be finished to the final size 
Is very poor Although I is atao stated in the above 
msntlored publication that the first and second metal 
members: may bs bonded by axpJealva bonding afiar 20 
they have boon machined to desired corrfigurations, 
In that case, deformation of the birgot material and SV 
tendantincraasad interna] strains and the change of 
crystal structure, and surface layer contamination are 
tnevftablo as stated above. z$ 

Recently, target materlali having melting points 
below 1000* C. e.g.. aluminum or aluminum alloys, 
have rapidly come in to use for tho wirings or intercon- 
nection* of semiconductor devices. These target ma- 
terials in many esses ars supplied as finished to final so 
geometry with very high purity. Such relatively lower 
melting target materials are susceptible to larger dam- 
ages of its crystal structure, sometime* accompanied 
with coarsening of grain size of the target material. 

[Object of the Invention] 

The present invention has for its Object the devel- 
opment of a technique for bonding a target material 
-f4n|fl hod to th e-flBal^eoEqoa^eE 
final geometry to s backing piste with t high strength 
while' maintaining the uniformity of the crystal atruo- 
ture and bnpartirg no deformative, degrading, or 
other unfavorable effect upon the target material it- 
self, d* 

(Summary of the invention] 

The present inventors have searched for a bond- 
ing method for target materials which Inhibits tho so 
crystal characteristics such as crystal grain growth 
and 09U9B3 title defbrmatrve or other adverse effects 
upon the material. As a result, it has now boon found 
that sofkj-phaas diffusion bonding with or without the 
use of an insert produces a far better bond than ex- « 
p acted In their interfaces. The dffusion bonding, per- 
formed while maintaining a solid phase Under a fight 
load (a low ifrain rate) in a vacuum, gives high ad ha- 



sten and high bond strength with no or very smalt de- 
formation of the target material and with no unbond- 
ed portions such as pores along the interfaces, whUo 
Inhibiting the destruction of uniform crystal structura, 
the growth of grains, etc. which the target materia! 
had before the bonding. 

The term "solid-phase diffusion bonding's© used 
herein means a technique of bonding a target material 
and a backing plartowfthorwlthouianlnsartor Inserts 
sandwiched therebetween by diffusion along the in- 
terfaces under right heating and pressing conditions, 
whereby the two membera are bonded while main- 
taining the solid phase rather than being melted, 
without causing unfavorable effect* upon tn* target 
material including fa grain growth and structure 
change. 

Based upon thia discovery, this Invention pro- 
vides a sputtering target assembly comprising a sput- 
tering target and a backing plate characterized In that 
eatf eputtaring target and backing plate are solidVphs* 
oe diffusion-bonded with or without an Insert or In- 
serts Interposed therebetween so as to have solid 
phase diffusion-bonded interfaco* therebetween, 
said diffusion- bonded sputtering target substantially 
maintaining metallurgical characterleitce and proper- 
ties that the sputtering target had before it is dtffuaion- 
bondad to said backing plate. 

It la convenient in explanation to divide target ma- 
terials Into ones having melting temperaturaa below 
and no lose than 1000 *C and aoparetely discuss 
them. 

This Invention. In Its first aspect provides: 
(1-1) a solid-phase diffusion-bonded sputtering 
target assembly characterized by bofng com- 
posed of a target material having a mating point 
below iqqo* c, one or rare Insert, and a backing 
plate, said target material, said Insert and said 
backing plate having solid-phase diffusion bond- 
ed interfaces formed therebetween, said target 

grain sfeft not exceeding 250 pm; and 
(1-2) a method of manufacturing a sputtering sor* ; 
get eaaembty, asld tergot material having e grain ' 
stza not exceeding 250 am characterized by sew 
id-phase diffusion bonding of a target material of 
a ghren final shops having a melting point below 
1000 °C and a backing plate of a given final . 
shape, with one or mors inserts interposed there-*, 
between, under a vacuum at a temperature be- 
tween 150 and 300 °C. 

Typical of the target material consists of alumi- 
num or an aluminum alley. The Insert typlcafly con* 
aiabi of sJver or a silver alloy, copper or copper alloy, 
or nickel or a nickel alloy. 

This invention, in a second aspect, provides: 
(2-1) a solid-phase diffusion-bonded sputtering 
target assembly characterized by being com- 
posed of a target material having a melting point 
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no low than 1000 "C, on* wmwo In sort selected 
fmm the group consisting of melsJa or alloys hav- 
ing lower melting points than the target malarial, 
and a backing plata. said target material, said In* 
sort and Mid backing plate having « solid-phaoo 
oiffvefon bonded Interfaces formed therebetw- 
een; and 

(2-2) a method o< jrtanufaetulrg a sputtering tar- 
get aesemb/y charsctertesg* by solld*phaae diffu* 
t ten bonding of a target material of a given final 
shape having • melting point no lea* than 1000 
*C and a batting plate of agivon final shape, wit It 
one or more insert Interposed therebetween, 
said Inaart being made of one of more materials 
selected from the ^roup consisting of meters or al- 
loys Having lower melting points than the target 
material, under « vacuum ot a temperature be- 
tween ZOO and 600 °C and at a pressure between 
0,1 and 20 kg/mm 1 . 

The target material typically Includes a refractory 
m±tal sot acted fmm the group consisting of W» Mo, Tu 
Ta, Zf and Nb and ito alloys, The teart typically con- 
sists of silver or silver alloys, eoppar or copper alloys, 
or nickel or nickel alloy* 

In a combination of a titanium target material and 
a titanium backing plata, wo have found that the sotid- 
Dhase diffusion bonded la permitted with no uee of in- 
sert. 

Then, In a third aspect, thla Invention provides: 
(3-1) a salid-phaxe diffusion-bonded sputtering 
target assembly characterized by being oom- 
poeed cf a titanium target materia) and a backing 
pfata of titanium, which have sodd-phasa diffu- 
sion bonding Interfaces tanned therebetween, 
said target material having a uniform crystal 
atrixtuf* with a crystal grain diameter not ex- 
ceeding 100 urn; end 

(3-2) a method of manufacturing a ae|ld-phsa* 
diffusion bonded sputtering target assembly In 

... frVftr'h* ****** Mteftat hn* * imdnrm rtry^Ml 

structure with a crystal grain dwmetef of not ex- 
ceeding 100 urn. charsotsrizod by solid-phase 
diffusion bonding cf a titanium target material and 
a backing plate of Iftanlum under condftFena such 
that tho strain rate attained ta at meet 1 x 
KH/sec,, preferably at 350-W *C. 
The aolU-phaas diffusion bending of the target 
and backing plate, wfth or without one or more inaart 
sandwiched therebetween, at a tow temperature and 
pressure causae interdlffuslon of the* constituent 
atom* to attain high adhesion and bond strength with- 
out attendant deterioration or deformation of the t&> 
get material, while Inhibiting the crystal grain growth 
In the target material. The bond thus obtained pmvaa 
highly reliable because ft undeigoea no abrupt de- 
crease in Dond strength upon elevation of the sen/tea 
temperature and. owing to the solid phase bonding. 
100% bonding is achieved with no un-bonded por- 



tions such aa pores f«f t along the interfaces. 
[BRIEF EXPLANATION OF THE DRAWINGS) 

0 FIG. 1 ia a perspective viow of a eputteringtarget 
asaambty consisting of a target material and aback* 
ing plate bonded through an Insert by solid-phase dif- 
fusion bonding In accordance with this Invention. 
FIG. 2 Is a graph comparing the bond atsmgth 

iq values under shear at room temperature of thediffu- 
alon-bertded target assembly of this inventloawfth 
those of the bonded materia; that used a fcnv-rnriUng 
brazing malarial of the Sn-Pb-Ag ayatam In Ewnpte 
1. 

t$ FIO. $ Is a graph showing tho tampemttse do- 
pendenoe ofthe pond srongtn vafuea under shear of 
the bonded material* of Example 1 . 

FIG. 4 Is a micrograph showing tho motaHopaph- 
« structure in the vicinity of bonded interfaces of an 

20 assembly consisting of an AM %Sl-0.5*Cu target. Ag 
foH, and an OFC backing plate according to this Inven- 
tion. 

FIG. 5 is a micrograph shoving tho meteUay&ph- 
lc structure in th» vanity of bonded interfaces of an 
26 assembly consisting of a tungsten target end a fon» 
urn backing piece bonded with an Insert by solid-pha- 
se diffusion bonding* 

FIG. $ ia a graph comparing the bond strength 
values under shear at room temperature of the eolid- 
so phase diffusion-bonded target assembly of this In- 
vention with those of the assembly that used en In 
brazing metal in Example 6, 

FIG. 7 Is amlcrojpaph showing the metallograph- 
tc structure In tho vicinity of the bond Interface of an 
99 tenjet assembly consisting of a titanium target solid- 
phase diffusion-bonded to a bearing plate of fllanlum. 

[Explanation of proforred embodiments) 

taring target assembly manufactured by diffusion- 
bonding a target material 1 and ■ backing plate 2 ; 
through an Insert 3 in accordance with this invention. 
The components are aoffdly bonded together with sol- 

49 rd-pnaac dlffUslon-bondOd Interfaces 4. The insert 3 
may be omitted depending upon a combination ofthe 
target material and the boefcing plate, in this case, tho . 
target material 1 and tha tracking plate 2 direcdy form . 
thsiraeh^phaae diffusion-bonded interface. The tav : 

so got maUrial maintains the metallurgical cheractetto- 
tlcs and prcperttee tnat tt had before diffusion bond- 
ing. 

The objective of this invention Indudee many 
Kinds of target materials. For convenience In explan- 
w ebon, an explanation will be made dMding tanjet me- 
torf&ie with tha melting point of 1000 "C as a measure. 
This Invention Include*, «e its objective, both target 
materials having melting points of no mora than 1000 

4 
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•C and target matortsia having melting points of be- 
y nd 100CC. 

Typical examples of ta^jst materials having a 
matting point no more than 1 000 "C am aluminum and 
aluminum alloys such as Al-SkCu. Ai-SJ, and ANCu al- 
loys. Other alloy targets composed principally of such 
metals as Cu orAu also come within the contempla- 
tion of this group, As for insert material* Ag> Cu, HI 
or the* alloys are usually uaiwl. Ona or mora aueh in- 
sert matorfala may be used in layers. 

Examples of argot ma to rial* naving a malting 
point above i ooo # c am target materials of refractory 
metaia and thoir alloys, eucb at W, Mo, T h T&, 2r, Nb, 
and W-U and of hlgrvmelting oompounda, sue* as 
hiQrwnelting safcidea (Mp$l lt W9I* eta). Tfte material 
to be used as an irva art herein is one or mora of metals 
orafloya having a melting point loiror then that of the 
targat material. Typical of insert materials la Ag, cu t 
Nl, or thaVir alloy. For aolid-phaao cTffcaien bonding, 
the usa of an inaort material having a lower malting 
point than the targat material am ployed Is taaanM. 

In the combination of a thanlum target maianel 
and a titanium backing plata, tha eolid-phoeo cfifRi- 
aion-bondlng I* permitted with neuee of an Insert Aa 
tho titanrum targat matoriale, high-purity titanium tar- 
got metariala having a purity of S&.W% or upward are 
preferable. Tttanlum backing plates may bo of ordi- 
nary industrial purity. For tho purpoaea of tho inven- 
. tion tha term Titanium* Is used to encompaae tho al- 
loys with small parentages, up to 10% by weight, of 
alloying additivaa, auch aa Al. V, and 5n. 

In fabricating a sputtering targat assembly with 
the uaa of Inserts), a backing plats and a target ma- 
terial are dogreased and rinsed with an organ* sol- 
vent Ilea acetone. Then, between tho two b Inter. 
pc*ad an insert of one or more materials ehoee n from 
among Ag. Cu. Ni. and their aloys, deairebry having 
at least 10um thickness. ™o ^ert too must be de- 
greased and rinsed beforehand. The use of a 10 urn 
Qr Th ^v~ in M rAJ^dQ*u!ah ! ii. h^uao *h n mi r mnnrrt a 
mat mauit torn surface Irregularities, on the order of 
aeverai micrometers, caused by machtnlna of the suf- 
fices of the target and backing elate to be bonded, 
would otherwise lessen the edhasfve strength. The 
upper limit of thickneaa of the Ineert to not specified 
provided the insert is thtfk enough lor solid-phase 
diffusion bonding. Exceeaive thickness is wasteful. 
hc^var.AoonveritloreJtbi!,thlnflheetortholikomfly 
be employed, For the material of the insert Ag. Cu. 
Nl or their alloy "a suitable aa referred to above, by 
reason of moderately high molting point and dlfftjalott- 
ability to permit sotid phase diffusion bonding, Tt» In- 
sert is no* limited to a single layer. Two or more su- 
perposed layers may be used Instead. The surfaces 
to be bonded should be free from crtdo* orothor in> 
purities, , 

in tha case of a target materials having a mduriB 
temperature no more than 1000 *C, a laminate con- 



sisting of a target material, a backing plata, an* an in- 
sert is generally diffusion-bonded In a solid state by 
holding It at a constant temparatufc within a bonding 
temperature ranoe of 150-300 fl C, preferably ef 1SO. 
s 250 *C. under a vacuum of 0.1 Tbrr or below aad at a 
pressure of 1 .0-20 kg/mm*, preferably 3-10 Kg/em*. In 
tha? way a sputtering target assembly Is obtained. To 
avoid the formation of oxides, the bondinc. desirably 
is carried out In a vacuum atmosphere of 0.1 fcrr or 
10 below. The choice of toad to bo applied dopendaupari 
the bonding temperature and the materials to be 
used. For sufficient pressure bonding to produo* m- 
terfaclal diffusion, the load must be at least 1.0 
kpyrnm*. On the other hand, a load in excess of 20 
is ktfmm 1 can damage the target material. The bonding 
temperature is «et within 150-300 »C lor tho foiowing 
reasons* if it la below 160 *C Insufficient diffusion of 
atoms results In poor adhealon. tf It excoods »o ;c 
crystal grain growth taxes place In the target material, 
so Moreover, because of the difference in thermal ex- 
pansion rate, tho target material and baddngplate 
land to warn or distort, leading to Inadequate bending. 
In the case of target material having melting 
points more than 1000' C a laminate coriaiatirtg of a 
j fl tcmot material, a backing plate, and an insert ■» gen- 
erally dlf fuslorhbondod in a solid »teto by holding It at 
a eonatenttamparafiira Within a bonding temperature 
range of ZOO-BOO 'Cyndera vaouumof 0*1 Terror be- 
low and ata pressure crfO-I^Okfl^rProforably 3- 
jo 10 kgymm2 | n this way a aputtaring target assembly 
la gbtalned, It Is to avoid the formation of oxides that 
the bonding k carrted out in a vacuum atmosphere of 
0.1 Torr or below. The choice of tho applicable load 
depends on the bonding temperature and the mate- 
w rials to be used. For sufficient pressure bonding to 
produce Interface diffusion, tha load must bo atleaat 
g ng/^mi, on th» other hand, a load m excesa of 
20k8/mm* can damage the target materi^Thebortd- 
tng tempemturo la eat within 2O0-600 -C for the fol- 
{ n T nwtPfl Ps> raftfln ^tf ttin hH f w^ ^t >ft ft ^rinlluffkM^^dtffl L - ■ 



sion of atoms results In poor adhesion, tf H weeds 
600 *C the cryetal structure, mechanical properties ? 
and the like of the target material and/or backing plate 
can deteriorate. Moreover, becauao of the difference 
49 in thermal expanaion rate, the target matortel and 
backing plate tend to warp or distort loading to inade- 
quate bonding, . - 
In the caee where a titanium target metortel ana „ 
a rtanwm backing piale ara used, aiammata constst ; 
00 Ing of a targat material and a backing plate la gener- 
ally dif ftjslon-bonded in a solid stato by holdina it at a 
constant temperature within a bonding temperature 
ranga of 3SO-650 *C preferably of J-0 . under 
a vacuum of 0.1 Torr or bdew and a load of 0.1-20 
as kg/mm*, at a strain rate of 1* 10-* /sec or b*tow,pro- 
farably 1 x1&*/ sec or below, In this way aaputtenng 
target asaambly is obtained. To avoid thefrrmntton of 
oxides, the bonding desirably ia carried out In a va- 
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cuurn atmosphere of 0.1 Torr or below. The etwee of 
applicable load depends on the bond ins temperature 
and tha materials id be used. For sufficient pressure 
bonding to produce Intarfecfel diffusion, tho load must 
be at lout 0,1 kg/mtn 2 , On tho other hand, a bod in 5 
excess of 20 kg/mm*ean damage the target mxterial 
The bonding temperature Is set desirably within tha 
rang* of 350-650 •C for the following reasons* If It {9 
balow 250»C Iwuf f lefent d ittuslon of Stems result* In 
pooradftesbn. If It exceeds 050*C grain growth tends to 
to occur in the target materia). Controlling (he strain 
rata b particularly Important A (train rate In exesaa 
of 1x 10-* teas would «use nonuniform straining In- 
akja tho target and attendant partial structural 
changes. U could alaoreault in a decrease In tho bond rs 
strength at and along tht dlfftislon bonding Interface. 

Tho sputtering target assembly thve obtained 
shows no deterioration of tha target material, has 
bonded interfaces with a bonding area percentage of 
100% produced by liquid phase-free 10IW phase dlf- 20 
fusion bonding, end can sattofectorly be uead even In 
a high-power sputtering system. In addition, the crys- 
tal grain eke of the target material can be kept below 
a required atandari. for example no mora than 250 
u/n even for target material* having melting points of is 
no more than tOOO'Cand no more than 100ji/nforan 
assembly of titan target material and titanium 
backing plate, and uniform sputtering can be ensured. 
To reduce the adftotbad water; gas and the Ilka on tho 
target surface ft is possible to bake the target rtself so 
at about 200 *C before use unlike the ease where a 
low-molting brazing filler metal ta uead. 

further explanations wilt be made with tho Ex- 
amples. The Examples set forth herein are merely for 
illustration end do not Mono" the restriction of this In- w 
vonttam (Example 3) 



metral points of the drf fusion-bonded material are 
compared, in FIG. 2, with those of corresponding test 
piece* of a laminate consisting of the same AI-1%Si- 
0^%Cu target material and OFC backing plate simi- 
larly bonded but with en ordinary low-metting brazing 
material of the Sn*Pb-Ag system. FJQ, 3 shows the 
temperature dependence of the bond strength values 
under ahear of these bonded metadata. As ?a obvious 
from FIGa. 2 and 3, the bond strength under shear of 
the laminate using the Sn-Pb-Ag low-molting brazing 
material Is about 3 Kg/mm* while the material solid- 
phase diffusion-bonded in accordance with this In- 
vention has about twice the strength, the values be- 
ing around 6 kg/mm 2 . Aa for tha temperature depend- 
ence, the bond strength under ahear of the material 
using the Sn»Pb-Ag low-melting brazing malarial be- 
comes zero in the vicinity of 1 60 °C which b the melt- 
ing point of the brazing materiel ftoetf. The eolid-pha- 
ae diffusion-bonded material of this Invention, by con- 
trast, exhibits a bond strength under shear of 3 
kg/mm* or more above 200 'C and retain s a strength 
of 2 ko/mmi even abovo 250 m C FIG. 4 is a micro- 
graph of a cross section aiustraQng the bond intarfac* 
os end neighboring portions of a laminate composed 
of an AM %5i-0.S%Cu target, Ag foil, and OFC back- 
ing plate according to the present invention. 

(Exam pre 2) 

Targets were made by solid-phase diffusion 
bonding In the same manner as described in Example 
1 with the exception thattn&erte of copper roll or nfck* 
el fall wore used Instead. Similar effects wars ach- 
ieved. 



(Example 1} 

An AMfrBl-P-Stt Cu tarfrtf material Fft tha farm *a 



a Tl target material in the form of a dtok 300 mm 

In diameter and an cxygftrvfrfco copper (OFC) baefc- 
-ing pinto of the fifimft afra ware iittraannkailly dftr., 



of a diok 300 mm in diameter and on oxygon- fro* cop- 
per (OFC) backing plate of the seme alia yr*m ultra- 
eonlcally decreased and rinsed with acetone* An In- 
sert of Ag Ibil 10Ojim thick was uaad. The insert, after 
the ultrasonic degrcaslng and rinsing wtth acetone, 49 
was tanOwtehed between the AM%SM).6%cu target 
materia) and the OFC backing plato. 

The laminate consisting ef the AMftSl*0.5%Cu 
target material, Ag fol Insert, and OFC backing plate 
was diffusion-bonded In a vacuum of 6 x 1 0* Torr, at so 
a bonding temperature of 250 »C and under a bad of 
a kg/mm*. The grain size of the terg et after the bond- 
ing was 150 tim. 

Solid-phase diffusion bonding was performed 
similarly but changing the bonding temperature atone vs 
to 350 °C. The grain size was now 4Q0um. 

The bond strength values under shear at room 
temperature of test pieces cut out of five different dla- 



greaaod and rinsed with eeotona An insert of Agfoi 
1 00 thick was uaad. Tho Insert, after the ultmaon- ; 
10 degmaslng *n<* rinahg with ecotone, was sand- ' 
wtchod between the 7? target material and the OFC 
backing plate. 

Tho laminate consisting of the Tl targat material. 
Ag foil ineeru and OFC backing plate wee dfffueiotv 
bondod In a vacuum of 5 x 1 0-* Terr, at a bonding tanv M 
perature of 250 *C ( and under a load of B kg/mm?. 

Similarly tn Example 1, the bond atrength values 
under shear at room tomperanire of test pieces cutout 
of five different diametral points of the dlffuscrv 
bonded material ere compared with those of corre- 
sponding test pieces of a laminate consisting of the 
same Ti target material and OFC backing plate almW 
larly bonded but with an ordinary iiwmeitlng brazing 
material of the Sn-Pb-Ag system, A similar graph as 
in FIG. 2 was btain ed. The temperature dependence 
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of the bond strength values Under shear of these 
bonded materials wad oimifar 4$ In FIG. 3. Tho bond 
strength undershaercf tho laminate using thi 5n-Pb- 
Ag low-melting brazing malarial is about 3 kg/mm*, 
wnDe tho manorial solid-phase dlffualon-boncad In ac- 
cordance with thft invention has about twice tho 
strength, tho values being around 6 kg/mm 2 . As for 
tho temperature dopondertoe, tho bond strength un- 
dar shear of the material using tho Sn-Pb-Ag low- 
mating brazing malarial becomes zero in tho vldnlty 
of 1 SO *C which I* tho molting point of tho brazing ma- 
terial itself, The SclkKphaae d*ffuslon*bonded meteri- 
al of this invention, by contrast, exhibits a bond 
strength under shear of 3 kg/tarn 2 or mors above 200 
°C and retains a strength of Z kg/mm 1 oven fit 250 *C. 

(Example 4) 

A tungsten target material of high purity 
(»$9,3Sb%) in the form of 0 ClOk 293 mm in diameter 
was diffusion-bended to a thanlum backing plate of in* 
dustrisl purity through an Ag Insert In 0 vacuum of 5 
x 10-* Torr, ot a bending temperature of 4WF C» and 
undor a load of d Iqg/mm 1 . A micrograph of a cross seo- 
tbn Illustrating tho bond interfaces of the bonded mo* 
tonal thus obtained ia shown In FIG. S. It can be seen 
from tho prratogrqph that Interfaces having tho bond- 
ed area percentage of 100% wftn non-bonded por- 
tions each as pores wore obtained. Tho bond strength 
undar sheer at roam temperature of test pieces cutout 
from five diametral points in the manner described in 
Example 3 was 7 kg/mm* On tho other hand, tho 
bond strength under shear of teat pieces of a material 
bonded using an In bracing material was at a lovol of 
as lower as of 1 kg/mm*. This difference vorlf ies the 
superiority of solid-phase diffusion bonding. 

(Example 5) 

_ , Thrgnftt wfirn mnfln hy inllrhph ff^ft ^^ 1K ^ nn 



bonding stohiarfy ta Example 3 but using inserts of 
copper foil or nickel foil. Similar effects were attained. 

(Example 6) 

A high-purtty (>9&g90%) titanium target In the 
form of a disk 20$ mm In diameter was diffusion* 
bonded to a titanium backing plate of Industrial purity 
directly without the use of an Inaen under a vacuum 
of 5 x 1 0* Torr and al a bonding temperature of 550 
■O p load of 7,5 Kg/mm 2 , and strain rate of & 1 Cr^/aec. 
tn FIG, e are compared the bond Strength under a hear 
at room temperature of an assembly made by solid- 
phase diffusion bonding In accordance wftn this in- 
vention wfth that of a assembly which used an In braz- 
ing material. Amlcrogratfi of me bond interfaco of tho 
bonded assembly 19 shown In FIG, 7. The crystal grain 
ifeo of the target after bonding was SO urn. The pho- 



tograph dearly Indicates that the Interface had at- 
tained 100% bonding without non-bonded portions 
such as pores. The test pioco at room temperature ex- 
hibited a bond strength under shear of 25 kg/mm* and 
s a tensile strength under shear of 43 kg/mm 2 . Tho In 
brazing material-bonded piece govs a bond strength 
under shear at a low Jovei of 1 kg/mm*. Thl« testifies 
to the superiority of solid-phase diffusion bonding. 

10 (Example 7) 

A target assembly woe mud a by solid-phase dif- 
fusion bonding tn the same manner as described in 
Example 6 with the exception that the bending tem- 
f 5 pmturQ changed to 500 *C and tho strain rate 
to 1 x lO-*/sac. Similar affects were achieved, 



[Advantages of the invention] 

jo Solid-phase diffusion bonding at a low tempera- 
ture and pressure has the following feature*: 

(1) The uniformity of crystal structure » main- 
tained with tho suppression of crystal grain 
growth* 

25 (2) The pnxcu of fabrication cauaoe no damage 
to the target material. 

(3) Interdtffuslon of the atoms constituting tho tat- 
get material, backing plats, and Insert used 
across the bond Interfaces produces high do- 
ff) gnccs of adhesion and bond atrsngth. 

(4) The sharp drop gf bond strength is avoided as 
found in the rise of the service temperature that 
can occur with a lewmoltlng brazing material. 

(5) Soild-phaie bending gives reliable bonds of a 
3s bonding art»a percentage of 100% without no ft* 

bonded portions such as ports that can moult 
from ordinary bonding, due to shrinkage on 3d* 
dlf Icatlon of a brazing material, 
Consequently, this invention offers advantages 

■» fnUrtuv ■- ■ 



(a] A target material can be bonded to a back- 
ing plate without the possible danger of being dam- 
aged ; (b) uniformity of sputtering Is ensured with the 
result that the film thickness is leapt con stent and the 

47 film properties aro made uniform and atablo; (0) a 
greater oiecbte power can be put for sputtering, tnd 
therefore the throughput ror film forming by aputte^ 
ing can be Improved; and (d) tho tenjet Itself can be . 
baked at around 200 °C, thus reducing adsorbed wa- 

50 ter, gas, and the like in tho target surface. 



Claims 

6S 1) A sputtering target assembly comprising a 
sounertng target and a backing plate characterized in 
that said sputtering targst and backing piata am solid- 
phase diffusion-bonded with or without an insert or 
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eerls Interposed therebetween, «afd in*cru» being 
made of one or more materials selected from the 
group consisting of motels or alloys having lowermeli. 
Ing point© than the teraol material, undora vacuum at 
s a temperature between Soo ind 600 °C and m a pres- 
sure between 0.1 and 20 kg/mm*. 

12} A solid-phase difteion-bortded sputtering 
target assembly characterized by being composed of 
a titanium target material and 4 backing pfato of tite- 
rs nkjm, which neve aoUd-phese diffusion bonding Inter- 
face* formed therebetween, eeld target material hav- 
ing a Uniterm crystal structure with a crystal grain 
sae not exceeding 100 urn, 

19) A method of manufacturing a aofid.phaaa dif- 
18 tut ion-bonded sputtering target aaeembiy composed 
of a titanium target mats rid and a backing plate of ti- 
tanium In which the b'get material he* uniform crys- 
tal structure with a crystal grain diameter not exceed- 
ing lOO^m, characterized by soUd-phase diffusion 
20 bonding of a titanium tergal materfal and a backing 
plate of titanium under condition* such that the strain 
rale attained is no mora than 1 x 

14) A method according to delm 13 in which the 
diffusion bonding ts performed at a temperature be- 
23 tween 350 and 650 



. _ . Miri tftrfltf material, jcalrf lf«*rt <wt ±*\M K^fnj pJnfn m 

having joiid-phaso diffusion bonded inter races 
formed therebetween. 

«) A Sputtering target eaeembly according to the 
darn in which said target material la a refractory met- 
al ©ejected from the group consisting of W, Mo> Tl. Ta, ** 
2rand No. 

B) Asotinetlng target aoecmbly according to defm 
7 in which said insert conalatsof silver orasltvaralfoy, 
copper or a copper alloy, or nickel or a nickel alloy. 

10) A sputtering target assembly according to so 
claim a In which said inter t consist* of alveror a silver 
alloy, copper or a copper alloy, or nicker or a nickel el- 
toy. 

11) Amsthod of manufacturing a sputtering target 
eaeembly charaeteri*orf try soM-phaee diffusion tf 
bonding of a target material of a flhren final shape h ey- 
ing a molting point not leas than 1 000 *G and a back* 

ihfl pfete of a gwsn final shape, with an Insert or in- 

3 
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Inserts interposed therebetween so as to havo arid 
phase diffusion-bonded interfaces, said diffusion- 
bonded sputtering target substantially maintaining 
rnataJlunjiqeJ characteristics and properties that the 
Sputtering target had before It Is diffusion-bonded to 
said backing plais, 

2) A acrid-phase diffusion-bonded sputtering tar- 
g st awombly charactariied being composed of a tar* 
get material having a melting point below 1O0O "C. 
one or more rnsert and a backing pleta, said target 
material* said Insert and said backing plate having 
eoUd-phoao diffusion bonding Interfaces formed 
therebetween, said target material having uniform 
crystal structure with e grain afeo not exceeding 250 
tun. 

3) AspwtteHng targ et eaeembly according te data 

1 in which said target material consbb of aluminum 
or en aluminum alloy. 

4) Aaputtering target eaeembly according to dalm 

2 in which said inaert consists of alkerora silver alloy, 
copper or a copper alloy, or nickel or a nickel alloy, 

5) A sputtering mrgot eaeembly according to dalm 

3 in which sard insert consists of sBvsr or a *0w afley, 
copper or e copper sjfoy, or nleket or a nickel alloy, 

S) A method of manufacturing a sputtering target 
assembly characterized by solid-phase diffusion 
bonding of a target material of eghronflnal shape hav- 
ing arreting point below 1000 'C and a backing plate 
of b given final shape, with one or more Insert inter- 
posed therebetween, under a vacuum et a tempera- 
ture between 150 end 300 B C, said target material 
having a uniform crystal structure with a grain size 
not exceeding 250 urn. 

7) A solid-phase Olf fusion-bonded sputtering tar- 
get assembly Characterized by being composed of a 
target material having a melting point no less than 
1000 *C, one or more ineort selected from the group 
consisting of metals or alloys having lower mailing 
points than the target material, ana & backing place, 
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